The chemical regularities in the electronic structure of substitutional and interstitial 3d impurities in silicon are studied through a self-consistent local-density-functional Green s-function calculation.
Despite 25 years of basic and applied research on the properties of transition atom (TA) impurities in semiconductors, they have been subjected only recently to theoretical studies. " In this Communication we report the first theoretical study of the electronic properties of all tetrahedral substitutional (S) and interstitial (I) 3d impurities in an infinite host semiconductor. We use the recently developed' first-principles quasiband crystal-field Green'sfunction method within the local density formulation of interelectronic interactions. The calculation is fully self-consistent, uses ab initio nonlocal pseudopotentials, ' avoids any spherical approximations to the potential or finite cluster models, and assumes an unrelaxed lattice. It reflects to within an excellent approximation (-0.1 eV in energies and 2 -3'/o in charge densities) the predictions of the physical input, not computational approximations. We describe the chemical trends and the unifying physical principles underlying the diversity of phenomena in this system. Figure 1 The significance of the screening mechanisms leading to the confinement of the impurity charge Q in the central cell (Fig. 2 Figure 3 shows how the difference is made up by a rearrangement of the VB charge (shaded area denoting EQva). As a result of an effective displacement of VB charge into the central cell, the system achieves local charge neutrality already at the cell boundary despite the rather extended nature of the gap wave functions. We find that the efficient screening of the Coulomb interactions leads to a substantial reduction in the intra-atomic repulsion energy Ud'. a total energy calculation of the A +e A process produced Ud =0.18 eV, which is more than two orders of magnitude lower than the free-atom value for Mn. This dramatic reduction in the correlation energy suggests that a significant rearrangement of the free-atom orbital configuration s"d may occur in the solid. We calculated the effective orbital configuration of a TA We subtract the i-decomposed host charge QIH(A) for /impurities, and the i-decomposed vacancy charge'-Q~r(R) for S impurities. This defines effective orbital configurations QID -QIH and Qto -Qty of "isolated" I and S impurity atoms, respectively, renormalized by their self-consistent interactions with the crystal. We find that (Fig. 5 
